FACTORS FOR CONVERTING INCH-POUND UNITS TO INTERNATIONAL SYSTEM OF UNITS (SI)
For the convenience of readers who may want to use metric units, the inch-pound units used in this report may be converted by using the following factors: Use of trade names in this report is for identification purposes only and does not imply endorsement by the U.S. Geological Survey or the U.S. Department of Agriculture, Soil Conservation Service.
INTRODUCTION
Lago Dos Bocas, a reservoir located in central Puerto Rico, is used for hydroelectric power generation and flood control. The reservoir is located within the basin of the Rio Grande de Arecibo, one of the largest watersheds in Puerto Rico ( fig.l) . Development of the basin has been limited, although significant agricultural activity occurs within the rural areas near the towns of Adjuntas, Utuado, and Jayuya. The 1980 population in the basin upstream from the reservoir was about 68,000 (U.S. Department of Commerce, 1982) .
In 1985, the U.S. Geological Survey (USGS), Water Resources Division, in cooperation with the U.S. Department of Agriculture, Soil Conservation Service (SCS), conducted a comprehensive survey of the Dos Bocas reservoir to determine its current capacity and the sedimentation rate. The survey was designed to include a large number of transects to improve its reliability.
DAM AND RESERVOIR CHARACTERISTICS
The Dos Bocas reservoir dam was completed in 1942, on the Rio Grande de Arecibo about 10 miles upstream from the river's mouth to the Atlantic Ocean. The original capacity of the reservoir was about 30,420 acre-feet (acre-ft) at normal pool elevation (297.5 feet), of which about 24,070 were available for power generation above 240.0 feet ( fig. 2 ). The hydroelectric power generating plant at the damsite is rated at 22,500 kilowatts (Pedro Toutant, 1985, personal commun., Puerto Rico Electric and Power Authority) . It consists of three intakes with three 7,500 kilowatt turbines. Power is generated during peak hours and seasonally to supplement other power sources in Puerto Rico. Monthly total power generation in 1983 ranged from a low of 967 megawatt-hours during February to 5,552 megawatt-hours during May ( fig. 3 ). Total power generation in 1983 was 28,940 megawatt-hours. The average water discharge from the reservoir due to power generation 
METHOD OF SURVEY
The actual capacity of the reservoir was determined from bathymetric surveys. Ranges ( fig. 4) were surveyed utilizing an "Innerspace Model 412 Auto Track Digital Fathometer." The instrument is equipped with a printer to record depth of the water from the surface to the top of the sediment deposits. A transducer coupled to an Ott velocity meter mounted on a boat provides depth and distance from a reference point along the range. All recordings were made to a local datum and later corrected to mean sea level. The instrument operates over a range from 2 to 1,000 feet, with less than 0.5-foot error in the 1-to 100-foot range. The instrument was calibrated frequently to a known depth in shallow water with a handheld sounding device.
A total of 43 ranges were surveyed during this investigation. These were used to define a bathymetric map of the reservoir. The map was used to define auxiliary ranges used for the volume computations.
The actual capacity of the reservoir was computed using the "Range Method" described in the USDA National Engineering Handbook, Chapter 6 (1983). The amount of sediment in the lake was obtained by subtracting the current capacity from the initial capacity.
PREVIOUS SURVEYS
The original survey of Lago Dos Bocas was conducted in 1942 at the time the dam was under construction by the Water Resources Authority of Puerto Rico (records about this survey were not available at the time of this investigation). An original capacity of 30,420 acre-ft was computed at an elevation of 295.2 feet above mean sea level. This includes about 6,350 acre-ft of dead storage below the top of the intake tunnel at elevations below 240.0 feet. A comprehensive survey of the lake capa-capacity includes the dead storage below the incity and sedimentation was conducted by take tunnels to the turbines at an elevation lower G6mez-G6mez in 1979 (Fernando Gomez-than 240 feet above mean sea level. The results Gomez, personal commun., 1985) . Forty-two of the current and previous surveys are sumtransects were surveyed throughout the reservoir marized in tables 2 and 3. using a Raytheon fathometer mounted on a boat and connected to an Ott velocity meter to compute velocities and distances. The survey A comparison of several cross sections surresulted in a volume computation of about veyed throughout the reservoir in 1979 and 1985 23,340 acre-ft.
confirms that the sedimentation of the lake has accelerated significantly ( fig. 5) Includes dead storage volume (6,350 acre-ft) and "power generation volume" (24,070 acre-ft). 2Unpublished survey conducted by the USGS in early 1979. Volume adjusted to normal pool elevation. 3 Based on the 43 years since the reservoir was built. 1. Changes in land use in the basin. There are no data to compare any changes, but agricultural developments and reductions in the forested areas upstream from the reservoir have occurred.
2. Changes in the operational conditions at the reservoir reducing the amount of sediment discharged through the intake tunnels during floods.
3. Increases in sediment loads as a result of the floods of 1979, 1981, and 1985 . In the Loiza basin, near San Juan, storms during these periods resulted in sediment loads to the Loiza reservoir of as much as 500 acre-ft during one storm (Quifiones and others, 1989) . The peak of the flood of May 1985 at the Rio Grande de Arecibo near Arecibo was about 50,000 ft /s. The actual peak flow into the reservoir was probably at least twice that amount (peak flow at the Rio Grande de Manati basin, adjacent to the Arecibo watershed and with a similar drainage area, was 140,000 ft /s). Preliminary sediment transport data for this storm suggests that as much as 800 acre-ft of sediment could have been discharged to the reservoir during this single event. More recently, the flood of October 1985 may have contributed a similar sediment load to Lago Dos Bocas.
The importance of storm events in the sedimentation of reservoirs in Puerto Rico is masked when average sedimentation rates are compared. Future sedimentation investigations in Puerto Rico need to address the contribution of individual storms. The average computations of sedimentation rates over the years may vary significantly from one year to the next due to storm events.
The remaining life of the reservoir was estimated from the mean-annual sedimentation rate and the remaining capacity. However, if the average sedimentation rate of the last 6 years is used, the remaining usable life of the reservoir could be of the order of 32 years. When compared with other reservoirs recently surveyed in Puerto Rico (Loiza, La Plata), the long-term sedimentation rate of Lago Dos Bocas appears to be the lowest. On the basis of the last 6 years, it would be the highest.
TRAP EFFICIENCY OF THE RESERVOIR
The average trap efficiency for Lago Dos Bocas was computed from flow data at Rio Grande de Arecibo near Arecibo, about 8 miles downstream from the damsite. The flow at the gaging station was adjusted for differences in drainage area and known inflows. The main tributary to Rio Grande de Arecibo between the reservoir and the gaging station is Rio Tanama. The average flow of Rio Tanama near Charco Hondo (north of Arecibo) is about 35,000 acreft/yr. The average discharge of Rio Grande de Arecibo at Arecibo is about 364,000 acre-ft/yr (Curtis and others, 1985) . An adjusted discharge of 325,000 acre-ft/yr was estimated for the damsite. On the basis of the actual capacity of 19,620 acre-ft, the capacity-inflow ratio (C/I) is 0.06. Utilizing Brune's relation (Brune, 1953) , the trap efficiency is about 80 percent. The total amount of sediment that has passed through the reservoir downstream is about 2,160 acre-ft (30,420 acre-ft of original capacity less 19,620 acre-ft of actual capacity times 0.20). This is equivalent to an annual downstream discharge of about 50 acre-ft/yr.
The sediment yield per acre from the drainage basin is about 1.5 acre-feet per square mile per year (acre-ft/miVyr) (10,800 acre-ft sediment inflow divided by the drainage area of 170 mi and by the 43 years since the reservoir was built). However, this value is not representative of the basin because the drainage area includes Lago Caonillas. At Lago Caonillas, most of the sediment production of about 50.4 mi is trapped in the reservoir.
BOTTOM PROFILES
Profiles of the bottom of the Dos Bocas reservoir were developed from the field data collected. The deepest point in each range was plotted against the distance upstream from the dam structure. Separate profiles were developed for each branch of the reservoir. The auxiliary ranges developed from the bathymetric map were not used to define the profile. The 1985 profiles were compared to the 1979 profiles (figs. 6a, 6b). The original profiles were not available for comparison.
Comparison of the 1979 and 1985 profiles show a significant accumlation of sediment in the deepest sections of the reservoir principally along the western branch. A sediment layer about 20 feet thick has accumulated from the vicinity of the dam for about 10,000 feet upstream. Along the eastern branch, most of the sediment is deposited in the first 3,000 feet upstream from the dam. Since the eastern branch flows from Lago Caonillas, less sediment accumulation along this area of the reservoir should occur.
FUTURE INVESTIGATIONS
The apparent increase in the sedimentation rate of the reservoir will require a closer monitoring; sedimentation surveys every 4 to 5 years would yield adequate information. A sediment-transport investigation in the basin and the reservoir would help to better define sedimentation rate. Stations to measure the inflow and outflow of sediment at the reservoir on a continuous basis would aid in sediment management of the reservoir.
SUMMARY
The 1985 survey of the sedimentation of Lago Dos Bocas shows that the actual capacity of the reservoir is about 19,620 acre-ft. Sediment is accumulating in the reservoir at a rate of about 251 acre-ft/yr. Comparisons with a survey conducted in 1979 show that the sedimentation rate of the reservoir has increased from about 0.62 to 0.82 percent per year of the original capacity. The trap efficiency of the reservoir is about 80 percent. The average basin sediment yield is about 1.5 acre-ft/mi /yr. The usable life of the reservoir based on the long-term sedimentation rate is about 78 years. However, if the rate of the last 6 years is used, the usable life would be about 32 years. 
